Salmonella cultures in which loss of a major antigenic component resulted in the formation of stable serotypes of simpler constitution, previously were thought to have lost a third flagellar phase. Further study of cultures of Salmonella hamiltan, S. worthington, and S. meleagridis of complex constitution indicated that loss of a third phase was not involved but that instead the organisms lost a major antigenic constituent present in both phases of diphasic types and in the single flagellar phase of monophasic types. Attention was drawn to the similarity of their behaviour to that of S . salinatis, S. montgomery, and certain other salmonellae of complex constitution.
INTRODUCTION
Flagellar variation in Salmonellas has been the subject of numerous studies since Andrewes (1922) first described specific and non-specific phases. Until recently, natural, reversible phase variation involved only serotypes possessing two alternative flagellar (H) antigens. This diphasic nature has been seen in numerous Salmonella serotypes as well as in the Arizona group. Taylor, Lee, Edwards & Ramsey (1960) mentioned the presence of three flagellar phases in a culture of Salmonella worthington with the antigenic formula 1, 13, 23, 37:z:1, w:zP3, about the same time that Le Minor & Edwards (1960) found that S. hamilton (3, 15 : z2,) of Moran & Edwards (1958) also possessed the H antigens e, h and 1 , 2 of S . georlitz. These Salmonella cultures were isolated in their 'third' phases, zq3 and z2, respectively, but unlike readily reversible types, were changed 'irreversibly ' to well known diphasic serotypes by passage through semisolid medium containing serum active on the third phase. In the ensuing discussion the terms 'irreversible variation ' and ' permanent loss variation ' are used to characterize the loss of an antigenic component which subsequently could not be recovered or could be recovered only in rare instances and with some difficulty.
A form of phase variation has been encountered occasionally in Salmonella cultures in which a common major antigenic component is present in each phase of a diphasic organism. This common component can be permanently lost, either spontaneously or through cultivation in semisolid medium containing agglutinins for that factor. Salmonella salinatis (4, 12 :d, e, h:d, e, n, zls) of Edwards & Bruner (1942) and S. montgomery (ll:d, a:d, e, n, z,,) of Edwards, Kauffmann & Huey (1957) possess the major flagellar antigen d in both phases and on irreversible loss variation yield typical strains of S. san diego (4, 12:e, h:e, n, zu) and S . luciana (ll:a:e, n, zlJ, respectively. Similar variations involving d as the common H antigen were described in sucrose fermenting Salmonella-like organisms by Edwards, Moran & Bruner (1948) and Edwards (1950) . A culture having a hitherto unrecognized flagellar antigen as the major component of both phases was reported recently (Edwards, McWhorter & Douglas, 1962) . This serotype (6, 7:zPg, r:zP9, 1, 5) was changed irreversibly by passage through semisolid agar containing z49 serum to typical S . infantis (6,7 : r : 1,5). The present paper is a re-evaluation of the reportedly triphasic S . worthington and S. hamilton, cultures, and presents findings of similar characteristics in a recently studied culture of S . meleagridis having three naturally occurring flagellar antigens.
METHODS
The cultures studied consisted of the stock strains of Salmonella hamilton (CDC 1833-57) All H antigen determinations were done on single colony isolations. Changes in flagellar phases were accomplished by the inoculation of tubes of semisolid medium containing appropriate antisera with single colony growth. When a change in phase occurred, the culture was plated and isolated single colonies selected for further study. (CDC 1833-57) . The biochemical characteristics and antigenic constituents (3, 15; e, h;l, 2; and ~2 7 ) of this culture were reported by LeMinor & Edwards (1960) and confirmed in this study. After plating, over 100 single colonies were examined by slide agglutination with suitable dilutions of e, h; 1, 2; sera. All were agglutinated well by 227 (8. simsbury) serum at a dilution eliminating any 0 reaction. In addition, a large number of the same colonies also were agglutinated by 1, 2 (8. paratyphi B, phase 2) serum. None was agglutinated by e, h (8. reading, phase 1) serum. Similar numbers of colonies reacting only with 227 serum and of those reacting both with z2, and 1,2 sera were picked and H antigens prepared from each. These antigens were titrated with e, h, 1, 2 and z2, sera, the results obtained with a representative colony of each type being given in Table 1, A portion of each colony used for tube-agglutination tests also was placed in semisolid medium containing ~2 7 serum. Migration through the serum occurred slowly in the colonies agglutinating only with 227 serum, over one-half of such colonies requiring two or three serial passages before another antigen migrated well through the medium. Sixteen colonies gave rise to antigens agglutinated to titre by e, h serum, but unaffected by 1, 2 and zZ7 sera. Six colonies yielded antigens which reacted to the titre of 8. paratyphi B, phase 2 serum (1,2), but which were unaffected by e, h or ~2 7 serum. One colony had not migrated through ~2 7 serum after three passages. On the other hand, of 25 colonies which reacted both with 1, 2 and ~2 7 sera, practically all passed through the semisolid medium in 24-48 hr., giving rise to 1, 2 variants in 22 cases and e, h variants in three. The reactions of typical e, h, and 1, 2 forms isolated after passage through 227 serum are shown in Table 1 .
RESULTS

Salmonella hamilton
It was apparent that the original culture of Salmonella hamilton had two distinct H phases instead of three and that each phase possessed a common major antigenic component, Phase 1 was agglutinated by z27 serum in high titre, and, although not agglutinated by e, h serum, tended primarily to produce e, h forms as its loss variant. Phase 2 was agglutinated actively by 2 2 7 and 1, 2 sera and yielded 1, 2 forms as its loss variant. Spontaneous phase variation had occurred in the majority of the original z2, and ~2 7 , 1 , 2 colonies when they were held on agar slants for 6 weeks after isolation. The e, h and 1, 2 variants isolated after passage through 227 serum readily were reversible one to the other on cultivation in appropriate sera, but such phases were immoblilized in semisolid medium containing both e, h and 1,2 sera. Serial passage over a period of a month failed to produce antigenic change. This suggested that from a diphasic organism of complex form having the antigenic formula 3, 15:z27, (e, h):~,,, 1, 2, a typical S. goerlitx (3, 15:e, h:1, 2) had been obtained, and that this did not readily revert to the original form. 
Salmonella worthington (CDC 787-60).
Aside from failure to produce H2S, this culture was biochemically identical with usual cultures of the serotype. The antigenic constituents (1, 13, 23, 37; z; 1, w; and za3) were as described by Taylor d al.
(1960). An investigative procedure similar to that used with S. hamiltorn was followed. Using appropriately absorbed and diluted z (8. poona, phase l), 1, w (8. zvorthingtolz, phase 2), and zq3 (S. senftenberg, 'phase 2 ') sera, slide-agglutination tests revealed two antigenically different types of colonies and these were confirmed by expanded tube tests. All colonies were agglutinated by za3 serum to high titres, and approximately 50 % were agglutinated strongly by 1, w serum as well. No colonies were agglutinated by absorbed z serum. Results with representative colonies are shown in Table 2 .
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In contrast to Salmonella hamiltolz, loss variation in this culture occurred spontaneously and without difficulty. Passage through one tube of plain semisolid medium without serum resulted in the loss of the z43 component. Twenty-one colonies of each type were inoculated directly into tall tubes of plain semisolid medium.
AU 21 colonies which were agglutinable only by 243 serum gave rise to a form which reacted to titre in z serum, but which was unaffected by either 243 or 1, w serum. All colonies with zpg and 1, w antigens yielded forms which were agglutinated to the titre of 1, w serum but which were not agglutinated by zP3 or z serum ( Table 2) . The resulting z and 1, w phases were mutually reversible when cultivated in appropriate sera and, in fact, exhibited spontaneous variation on several occasions.
Inoculation into semisolid medium containing z + 1, w sera immobilized these phases during serial passages over a 1-month period. Spontaneous phase variation, It seemed apparent from these results that the previously termed ' triphasic ' Salmonella worthifigton possessed two flagella phases containing a common major antigen, had the formula 1,13,23,37: 243, (2) : 24391, w and gave rise to a loss variant, 1, 13, 23, 37:2:1, w from which the 24s antigen was not recovered.
SalmmZZa meleugridis (CDC 4946-61). The culture possessed the usual biochemical properties of the type. It was correctly typed as S. meleagridis with an additional H antigen, 243 (3, 10; e, h; 1, w; and by Dr Hofmann and confirmed by Dr Kauffmann and this laboratory. Serologic examination of over 100 single colonies by slide agglutination with appropriately absorbed and diluted e, h; 1, w; and zd6 (S. senftenberg, 'phase 2') sera, and expanded tube tests with selected colonies, yielded results similar to those obtained with the two aforementioned cultures. All colonies were agglutinated to high titres by xa5 serum. Approximately twothirds of the colonies also were agglutinated in low dilutions of e, h serum. The remainder were agglutinated by high dilutions of 1, w serum. The former (zp5, e, h) was designated phase 1 and the latter ( z~, 1, w), phase 2. Results of typical agglutinations of the two phases are shown in Table 3 . Similar numbers of colonies of each phase were inoculated into semisolid medium which contained zP5 serum. General spreading in the medium was observed within 24-48 hr. Of the 31 phase 1 colonies, 27 gave rise to typical e, h variants, two yielded both e, h and 1, w colonies, and two gave rise to 1, w forms. Of 28 phase 2 colonies, 21 gave rise to typical 1, w variants, five gave a mixture of e, h and 1, w colonies and only one yielded e, h forms. The reactions of typical e, h and 1, w variants are shown in Table 3 . was noted in practically all single colonies eight weeks after isolation. Loss variants produced by passage through z46 serum, readily were reversible between the e, h and 1, w phases. Spontaneous loss of the zM component was found only in three colonies after passage through plain semisolid medium. As with the other two cultures, the common major antigen was not recovered once it was lost. Both e, h and 1, w phases were immobilized when placed in semisolid medium containing e, h + l , w sera, even after several passages over a six-week period. CDC 4946-61 was represented by the antigenic formula 3, ~O : Z~~, e, h :~~~, 1, w and gave rise to loss variants identical with typical Salmonella meleagridis (3, 10 : e, h : 1, w).
Spontaneous phase variation (zqs, e, h < . . . , . . . > z45, 1, w)
DISCUSSION
Using CDC 4946-61 as an example, Fig. 1 shows the type of antigenic variation found in the three cultures studied. In all respects, the behaviour of these cultures resembled that of Salmonella salinatis, S. montgomery, and the complex form of S. infantis mentioned above and, therefore, they should not be considered as triphasic serotypes. All possessed three flagellar antigens, but behaved as diphasic organisms. One antigen was common to, and prominent in, both phases, and once lost it was not recovered. In all instances phase 2 of these complex organisms contained the component which was present in the simpler loss variant in easily demon- strable form. On the contrary, the component of phase 1 which emerged in the loss variants was present in small amount or in an inapparent form, and became a major antigen only after passage through appropriate serum. Of all the complex cultures studied to date, only in S. hamilton and S. zvorthington was the minor antigen of phase 1 not demonstrable in the original colonies at serum dilutions of 1/50. However, some single colonies of the other strains also were found which were not agglutinated by serum for the minor phase 1 component at 1/50. Because this component appeared readily after serum passage, even when not initially evident by titration, it was felt that the antigenic symbol should be included as a phase 1 constituent.
The question arises as to the nature of the flagellar variation described by Taylor d al. (1960) in which the flagellar antigens of a 'diphasic' Salmonella varied only in one direction. Cultures usually found in monophasic g, s, t forms, as Salmonella kingston, S. senfknberg, S. westhampton, and S. halmstad, were isolated with 'phase 2 ' antigens, zp3, zq6, or zag' On transformation to the g, s, t phase these cultures could not be reverted to the originally isolated phase, but behaved as
